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Title of Study: Effects of Pinyon-Juniper Conversion on Watershed Values 
in Utah 


Objectives: 
A. To determine the water budget of natural stands of pinyon-juniper 
and adjacent areas which have been cleared and/or seeded. 


B. To determine the effects of vegetation conversion on soil physical 
properties and soil stability. 


C. To ecologically evaluate sites before and after as to phenology, 
composition, and production of vegetation. 


D. To evaluate the economics of conversion practices in terms of the 
watershed values and multiple use relations, 


E. To obtain data necessary for determination of hydrologic soil 
cover complexes on the study sites. 


Introductory Comment: This report is concerned with additional data 
analysis and compilation which has resulted since the project report 
dated November 15, 1969. As before, the report will provide information 
to supplement previous reports as well as indicate progress to date. 


Infiltrometer Studies: Data analyses are essentially complete on these 
studies. One paper has been published (J. Range Mgt. 22: 110-114), one 
paper is soon to be published, and a third paper has been submitted for 
publication. Manuscripts of the latter two papers are included in the 
Appendix. 


Soil Studies: Soil analyses are nearly complete for characterizing soils 
beneath each runoff plot. These analyses should be included in the April 
1, 1971, project report. 


Results from soil moisture studies will also be included in the 
April 1 project report. 


BLM Library 

Denver Federal Center 
Bldg. 50, OC-521 

P.O. Box 25047 
Denver, CO 80225 
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Influence of Cryptogams (Lichens and Alaqae) on Hydrologic 


Pronerties of Soils in Southeastern Utah 


The soil analysis portion of this project phase has heen completed 
and generalized results are civen in the table that follows. Soil samples 
were taken at depths of 0-1/2 inch, 1/2-1 inch, and 1-? inches between 
trees or in the onen from lichen stands in several conditions of development 
or destruction: 

1. Virgin stand (completely undisturbed) 

2. ''ell developed stands in control area of fenced study area 

3. Intermediately developed stand in control area 

4, Pathways and water-ways within control area 

5. Debris-in-place chaining 

6. Chaining with windrowina 

Values civen in Table show only trends as they are averages of 
all three depths sampled. Statistical analyses are yet to be carried out. 

Percent organic matter was calculated from ornanic carbon determined 
using the sulfuric acid diaestion method. Preliminarv results show only 
small differences which may not be sianificant. 

Determination of pH showed the soils of all sites to be slightly 
alkaline (around pH 7.3) with the soil from the virain stand slightly 
more alkaline (7.6). 

Differences in soil conductivity amona the sites are comnarable 
except for a higher value from the windrowed chaining site. This would 
indicate a slightly higher salt content in the surface soils. 

fA determination of the amount of Ca plus !qg present was made and most 
sites showed about 1.5 me/liter. The virgin lichen site and the windrowed 


chaining showed hicher values of about 2.3 and 3.9 mea/liter resnectively. 
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Soil textural analysis showed the soils of the several sites fall 
in the sandy loam cateaqory. All sites were found to be similar in soil 
texture except perhaps the windrowed chainina site which has more sand 
than the rest. The same site has a slightly higher percent of water 
Stable agaregates less than 2 mmd. The remainder of the sites showed 
Similar agaregate percentages. 

Some soils, when coated with orcanic residues, show resistence to 
wetting. A cursory check for non-wettable properties was made at one 
third, one, and fifteen atmospheres for all sites. There appear to be 
no non-wettable properties inherent in the soils samnled at any of the 
sites. However, no samples were taken from beneath litter accumulations 


under trees. 


Work yet to be completed 


Infiltrometer runs will be made at each of the several sites and 
runoff and sediment production will be examined. It has been observed that 
when water is poured on the surface of the ground, the different crust 
conditions behave quite differently; those with more crustal cover 
resist disintegration better than poorly covered areas. This might 
imply that the mechanical strenath of the crust and its ability to 
break the force of falling water may be involved in the hydrologic role 
of the crust. 


In addition, permeability trials will be run on undisturbed cores. 
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Runoff Plot Studies: No runoff events occurred at either site during 
1969. Data from runoff events during 1970 are currently being analyzed, 
and will be reported in the April 1 project report. 


Tables 2, 3, 4, and 5 show rainfall amounts received at the Blanding 
and Milford sites during 1969. Since runoff - producing storms were lack- 
ing, only data from one recording and one nonrecording gage are shown. 


Tables 6, 7, 8, 9, 10, and 11 show rainfall amounts received at the 
two study sites during 1970. Data for all gages are included. Figure 
1 shows general layout of the study area at Blanding. Aerial photos of 
the Milford site have not been available since the photos are being current- 
ly used in Denver for map making purposes. 


Vegetation Studies: Tables 12 and 13 give tree, shrub, and ground cover 
on debris-in-place and windrow runoff plots, respectively, at Blanding 
during the 1968 season. Vegetation data for the Milford study area for 
1968 was included in the April 1, 1969, project report. 


Tables 14 and 15 give cover conditions on Blanding and Milford 
runoff plots for the year 1969. There was quite a change in cover conditions 
during the year 1967 to 1968. 


Cover information for 1969 will be forthcoming in the April 1, 1971, 
report. 


Production data for 1969 and 1970 are given in Tables 16 and 17. 
The large increase in production at both sites during 1970 over that 
produced in 1969 is evident. It is of particular interest to note the 
difference between the rabbit-grazed and rabbits excluded areas at Milford. 
Particularly hard hit was the chain and windrow area. Figure 2 shows 
a portion of a fenced 0.11 acre runoff plot in the windrowed area as 
contrasted to the rabbit-grazed outside area. 


Miscellaneous Studies: A small study of patterns of water movement over 
and through P-J litter was done during 1969. The manuscript showing 
results of this study is given in the appendix. 
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Table .) . 


Precipitation data from 8-inch recording gage at Blanding 
pinyon-juniper study site, 1969 


Date Total Rainfall (inches) 
6-1-69 Start 
6-11-69 .05 
6-12-69 .05 
6-17-69 .05 
6-18-69 225 
6-24-69 215 
7-13-69 .63 
7-16-69 .10 
7-17-69 .07 
7-18-69 .39 
7-19-69 1.05 
7-20-69 ale 
7-23-69 .02 
7-24-69 .38 
7-29-69 No Record 
8-11-69 .05 
8-12-69 AVP: 
8-14-69 20 
8-15-69 01 
8-16-69 03 
8-17-69 02 
8-18-69 05 
8-20-69 04 
8-24-69 .03 
8-25-69 17 
8-26-69 . 20 
8-27-69 .02 
8-29-69 -40 
8-30-69 .03 
8-31-60 02 
9-1-69 02 
9-3-69 01 
9-4-69 .O1 
9-6-69 ~45 
9-17-69 08 
10-1-69 -90 
10-9-69 Off 


oes 


sta3e 


20. 
ae 

26. 

es. 

ef. 

£a. 

Of. 

YO. 

Gz. 
0.4 

La 

$0. 

BE, 
broosA of 

20. 

$0. 

os. 

10. 

£0. 

$0. 

20. 

"pO, 

£0. 

Ni. 

0s. 

‘$0. 

Oh. 

‘to. 

$0, 

80. 

{0. 
10... 
eh. | 

gn, 
oe. 


{2edoai) Listniet LsgsoT 


gutheuite +8 9983 yathrooes doni-8. a pie nae 


Rael vorke 4 ‘hute seta Hi | ox 


ha pa 
Sy dee ae) ve ihe 


i ren rar " 
i ce yj rhs es 
a : % | aN PU 
‘ = 1 = hy wap A 
Tor ¥ —» ; . 


Table 3 . Precipitation data from 8-inch non- 
recording gage at Blanding pinyon-juniper 
Study site, 1969 


Date Total Rainfall (inches) 
6-1-69 to 6-29-69 aah 
6-29-69 to 7-12-69 0 
7-13-69 to 7-28-69 edu 
7-29-69 to 8-9-69 No Record 
8-10-69 to 8-22-69 . 36 
8-23-69 to 9-5-69 -90 
9-6-69 to 9-17-69 at, 


9-18-69 to 10-9-69 95 


jit a: 
-non rloai-8 mort stob ¢ ae 
raqims(-moynig seria 38 oR8y ait 
eset ate 4 


| am] 
4039 “ae 
as 7 
wpa 


ae 


(2eront) [I[etnisi {stoT 


oe. 


brooos! of 
00-2-8 of 03-E8-8 


@5-0-0F, oy 2d-B1-¢ 


. iene 

Q3-C8-3 oF CB-f-d 

“ ft 

0a-SE-T OF Cd-€! > ss 
@3-8$-" of eatin vi 4 


8-0-8 OF ea-es-4 1" 


Q3-S8-8 oF 03-01-8 


(88, -VE-@ oF O8-0-2° 


Table 4. Precipitation data from 8-inch recording 
gage at Milford pinyon-juniper study site, 1969 


Date Total Rainfall (inches) 
5-18-69 Start 
6-11-69 10 
6-12-69 20 
6-13-69 05 
6-15-69 02 
6-16-69 35 
6-17-69 40 
6-18-69 05 
6-20-69 02 
6-21-69 03 
6-24-69 15 
7-14-69 30 
7-15-69 0S 
7-17-69 Bo Wd 
7-18-69 05 
7-21-69 .04 
7-22-69 ey 
7-23-69 Aue 
7-24-69 03 
7-29-69 as 
7-30-69 02 
7-31-69 Aa ke 
8-2-69 28 
8-12-69 02 
8-19-69 07 
8-26-69 03 
9-6-69 04 
9-7-69 10 
9-15-69 73 
9-16-69 20 
10-4-69 .03 
10-9-69 12 
10-16-69 35 
10-17-69 LS 
10-18-69 16 
10-19-69 40 
10-20-69 03 
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Table Ce Precipitation data from 8-inch nonrecording 
gage at Milford pinyon-juniper study site, 1969. 


Date Total Rainfall (inches) 
5-18-69 to 6-24-69 1.49 
6-25-69 to 7-10-69 0 
7-11-69 to 7-25-69 87 
7-26-69 to 8-8-69 oF 
8-9-69 to 8-24-69 .07 
8-25-69 to 9-6-69 .07 
9-7-69 to 9-22-69 bvis 
9-23-69 to 11-1-69 jeoe 


11-2-69 to 12-15-69 . 26 
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Table &. 


Precipitation data from 8-inch recording gages at Milford 


study site, 1970. 


Date Total Rainfall (inches) 
Windrow Area Debris-in-Place 
6-9-70 Start 
6-10-70 0.18 
6-12-70 0.04 Start (0.05) 
7-4-70 0.28 0.40 
7757-70 0.04 0.03 
7-6-70 0.38 0.37 
7-8-70 0.15 No record 
7-10-70 0.03 0.03 
7-18-70 0.11 0.14 
7-20-70 0.12 0.13 
7-21-70 0.52 0.53 
7-22-70 0.67 0.70 
7-23-70 0.05 0.08 
7-24-70 0.31 0.28 
7-25-70 0.35 0.31 
7-26-70 0.28 Pe fe 
7-29-70 Od be’ 0.08 
8-5-70 0.13 No record 
8-12-70 0.05 No record 
8-13-70 0.47 No record 
8-14-70 0.15 No record 
8-17-70 1 Pee No record 
8-18-70 0.39 0.38 
8-20-70 0.31 0.31 
8-21-70 0,02 0.02 
8-26-70 0.03 0.04 
8-27-70 Uiae 0.30 
9-5-70 1.47 1.53 
10-24-70 Off (storage gage charged) 
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Table ki Precipitation data from 8-inch nonrecording gages at Milford, 
debris in place area, 1970. 


Date Total Rainfall (inches) 
Gage A Gage B Gage C 

6-10-70 to 6-24-70 0.03 0.03 

6-24-70 to 7-9-70 0.98 La is: 0.98 
729-70), to. 7=23-70 1.64 1.77 1.73 
7-23-70 to 8-7-70 1.20 1.35 1.35 
8-7-70 to 8-18-70 0.91 az? 1917 
8-18-70 to 9-7-70 re 2.71 279 
9-7-70 to 9-16-70 0.00 0.00 0.00 
9-16-70 to 10-470 0.00 0.00 0.00 


10-4+70 to 10-24-70 0.00 0.00 0.00 
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Table B. Precipitation data from 8-inch nonrecording gages at Milford, 
windrowed area, 1970. 


6-24-70 
7-9-70 
(223240 
8-7-70 
8-18-70 
el fat | 
9-16-70 


10-470 


to 


to 


to 


L770 
7~23-70 
8-7-70 
8-18-70 
9-7-70 
9-16-70 
10-4-70 


10-24-70 


gage A read 0.04 inches and 


Date Total Rainfall (inches) 
Gage A Gage B Gage C 
12-16-69 to 3-28-70 3.05% 
3-28-70 to 4-26-70 0.78% 
4-26-70 to 5-23-70 0.54 
5-23-70 to 6-9-70 0.80% 
6-9-70 to 6-24-70 0.20 (For period 6-12-70 to 6-24-70, 


gage B, 0.02 inches.) 


1.26 


*Single storage gage operated during this period. 
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Table q Precipitation data from 8-inch recording gages at Blanding 
study site, 1970. 


Date Total Rainfall (inches) 
Windrow Area Debris-in-Place 
6-14-70 Start Start 
7-6-70 0.07 .07 
7-8-70 0.08 .09 
7-9-70 0.07 .07 
7-10-70 0.09 .07 
7-16-70 0.06 09 
7-18-70 0.15 .16 
8-1-70 0.00 .06 
8-3-70 1,27 Vel? 
8-4-70 0.81 0.72 
8-6-70 0.14 0.17 
8-8-70 0.02 0.02 
8-16-70 1.00 0.76 
8-19-70 0.75 0.69 
8-20-70 0.28 0.32 
9-4-70 0.10 0.10 
5-5-70 0.35 0.35 
9-12-70 0.45 0.50 
10-7-70 0.06 0.07 
10-8-70 0.05 0.05 
10-22-70 0.40 0.44 


10-26-70 Off {storage gages charged) 
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Table /Z, Precipitation data from 8-inch nonrecording gages at Blanding, 
debris=in=place area, 1970. 


Date Total Rainfall 

Gage A Gage B 
6-14-70 to 6-28-70 0.00 0.00 
6-28-70 to 7-12-70 0.30 0.29 
7-12-70 to 7-26-70 0.20 0.15 
7-26-70 to 8-9-70 2.08 1.70 
8-9-70 .to 8-22-70 1.94 1.92 
8-22-70 to 9=2-70 0,01 0.01 
9-2-70 to 9-14-70 0.93 0.94 
9-14-70 to 9-29-70 0.00 0.00 


9-29-70 to 10-26-70 0.58 0.56 
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Table /}. Precipitation data from 8-inch nonrecording gages at Blanding, 
windrow area, 1970, 


Date Total Rainfall (inches) 

Gage A Gage B 
6-14-70 to 6-28-70 0.00 0.00 
6-28-70 to 7-12-70 0,29 0.30 
7-12-70 to 7-26-70 Q,2/ 8 Sh YY: 
7-26-70 to 8-9-70 2.28 2.05 
8-9-70 to 8-22-70 2.10 195 
8-22-70 to 9-2-70 0.03 0.02 
9-2-70 to 9-14-70 0.92 0.92 
9-14-70 to 9-29-70 0.00 0.00 
9-29-70 to 0.52 0.50 


10-26-70 
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Figure yf : 


General layout of Study area near Blanding, Utah. Circled n “bers indicate 
location of raingages. Small crosses indicate approximate cations of 0.171] 
acre runoff plots. Area A is a control, area B chained ar wvindrowed, area 
C a control, and area D chained with debris in r?ace. Sca.e 1" = 1480 ft. 


Table /?.. Tree, shrub, and ground cover (percent) on runoff plots at the 
Fry Canyon (Blanding) study site, September 1, 1963. ¢éamdmower! 
Ptot-data=th-Aprid 15-1969; Progress Renert-)s 


Percent Cover 


/ pdt wastes wsutethllenbald 
Plot Transect No. ly Trees Shrub Ground 2/ 
Debris in 
Place 19 fit. Pied 37.45 0.00 L 655770 
Check #1 Juos 15.25 BG 36.30 
ak Bp ae Pied 10.23 BG 64.86 
Juos 54.63 0.06 L 5514 
74 ft. Juos 8.44 0.00 BG 85.80 
L Perot 
Mean (xX) Pied 15.89 0.00 BG C2532 
Juos 26.11 Li 37.68 
Debris in 
Place 1m £t. Pied 5.40 0.00 BG 66.40 
Check #2 Juos 19.80 L 33.60 
3e Ete Pied 9.41 0.00 BG 54776 
Juos 30.39 L 45.30 
7AREE, Pied 13.34 0.00 BG AST OF 
Juos 43.32 Li S45, 95 
Mean (x) Pied 9.38 0.00 BG 55.39 
Juos 31.17 L 44.61 
Debris in 
Place 
Check #3 19% fre Juos 52.38 0.00 BG 58.48 
L Ain 52 
53aft. Pied 11.62 0.00 BG 59.24 
Juos 33.90 i 40.76 
TATE . Juos 16.67 0.00 BG S258 
He 17.45 
Mean (x) Pied 3.54 0.00 BG 66.76 


Juos 34.31 L 533.24 


ct tn atoie Mom no ((3nankar) T9vOo bauer DAE. « 


Ps 
- mene 689% 61 qudmeaqor otk ybuse- aatbaee 
; \S Tavon2. 39904 | \f eS 
bao) . aes 2991T ‘= OV ssncgnar ime 
NT 28 Tees | nn. eh. ft bokd | ae 
HF Az Mi e&.2f 20 - 
v Ww me | [ 9 £9 a i ee 
t { © ] 1). { t Pa 5 | 
08.28 Oe 00.0 h 22 #9 
Hf. hf J 
ee ng Na.9 02.2f box | + 3) gael 
71 Pa : {i 4¢ nist ae 
Ob 3A rv 0 0 ber Fi Of 
Na. FF ; Tt any 
PY .B2 4 i Th ‘ 32 > 
fi et j PF : eat 
é 
: VO.e2 on 00.0 ME.g{ boi = 3 32 $2 pe 
E0 she cr.z 
QF #2 7 08.0 9B.2 bard “eed 
la. bh- R | CL.1E 201 
LOL LLL NGL LLL LDL ALLL LAL OL A ltt UE i em ce - + en ante Se a 


h2.& beid 
fe. bE aout - 


“ie 
7D 2 


Table fe. Continued 


Percent Cover 


Plot Transect No. 1/ Trees Shrub Ground 2/ 
Debris in 
Place 19 ft. Pied "15.52 0.00 BG 35425 
Check #4 Juos 24.14 L 64.75 
ES ae Pied 8.76 0.00 BG 51.24 
Juos 42.48 L 48.76 
ri ok gee Juos 29.79 0.00 BG 49.53 
L 50.47 
‘ean (x) Pied 8.09 0.00 BG 45.34 
Juos 32.14 L 54.66 
Debris in 
Place Proatt . Juos 80.42 0.00 BG 18.44 
Check #5 L 81.56 
Se i ae Pied 14.36 0.90 BG tae 
Juos 30.86 if 46.28 
7a ft. Pied 2.85 0.00 BG 42.70 
Juos 31.69 if 57.30 
"ean (x) Pied 5.90 0.00 BG 38.29 
Juos 47.66 i 61.71 
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Table pee), Continued 


Plot Transect No. 1/ 


Debris in Place 
#2 19. tt. 


5 OS oh ah 


145 Lue 


Mean (x) 


Debris in Place 
#3 ph Dee Ses 


Dott. 
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Mean (x) 


Trees 


0.00 
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Shrubs Ground 2/ 

0.00 BG yieee 
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Annual 
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Annual 
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Table fo. Contiuved 


Plot 


Transect No. 1/ 


Debris in Place 


#4 


Lore 


Rae 
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Debris in Place 
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19 £t. 


epee Gs 


fib a ap 


Mean (x) 
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Shrub 
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Ground 2/ 
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L 16. 
Opuntia sp. 
BG yp ie 
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Oe 
Opuntia sppo. 


1/ Line transects across runoff plots at indicated distances measured from top 


2/ 


oriplot. 


BG category includes cryptogam cover on soil surface. 
ostcosperma 


BG = Bare Ground 
L = Litter 
Pied = Pinus edulis 


Juos 
Ager 


= Juniperus 
= Agropyron 
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Table as Tree, shrub and ground cover (percent) on windrow runoff plots of the 
Blanding study site, September, 1968. 


a a nn ee a A ee 
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Percent Cover 


Transect 2/ 
Plot Number"! Tree Shrub Ground— 
Windrow 19 ft. 0.00 0.00 P 0.00 
#1 Agcr SP ge" 
L 8.05 
Annual (A) 0.75 
Unknown Z 0.94 
BG 89.5] 
33~f t 0.00 0.00 Ager 0.15 
1 2.96 
Annual (A) 0.02 
Unknown Z 0.17 
BG 96.70 
Ju fr, An) 3.42 Agcr 0.36 
L 3.96 
BG 95.68 
X 0.00 Pett Unknown Z 0.37 
P 0.00 
Ager 0.42 
: 4.99 
Annual (A) 0.26 
BG 93.96 
Windrow 19 ft. 0.00 0.00 Agcr 0.13 
#2 L ee ys 
Annual (A) 0.04 
BG 94.51 
33° ft. 0.00 0.00 Agcr 2.84 
L 52 
Annual (A) 0.38 
BG 95.26 
7h ft. 0.00 0.00 Ager 1.84 
L 2.40 
Annual (A) 0.55 
Unknown Z 1.11 
BG 95.10 
x 0.00 0.00 Ager 1.60 
L 3.08 


Annual (A) 3.23 
Unknown Z 0.37 
BG 94.99 
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Table AZ continued 


ee ee 


Percent Cover 


rr we ee ee ee ee 


Transe¢t 
Plot Number=/ Tree Sarub Ground=/ 
Windrow 19 ft. 0.05 0.CO Agcr 0.19 
#3 L 11.67 
BG 88.14 
33 ft. 0.00 0.00 Ager 1.86 
L 6.36 
Annual (A) 0.37 
BG 91.41 
74 ft. 0.00 6.00 Ager 1.26 
‘ 1.17 
tanuel (B) 1.18 
3% 47,39 
x 1.00 0.00 Nace 1.10 
L 9.73 
Annual (A) 0.12 
Annual (8B) 0.06 
BG 89.01 
Windrow 19 ft. 0.00 0.00 Ager 0.38 
#4 , 2.67 
Aniual (A) 0.19 
BG 96.76 
cic ae 9.00 1,06 Agcr 0.95 
L 10,82 
Annual (A) 0.19 
BG 88 .04 
fi ge 0.00 0.00 Ager 0.93 
L 4 46 
Annual (A) D354 
Eriogonum spp. 1.11 
BG 93.13 
X 0.00 0.00 Ager 10.75 
L 5.98 
Annual (A) 0.25 


Eriogonum spp. 0.37 
BG 92.64 
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Table oO Ronei hued 
Percent Cover 

Transe¢t / 

Plot Number— Tree Shrub Ground— 
Windrow 19 ft 0.00 0.00 Ager 0.96 
#5 L Pal 
BG 91.93 
5 ah 0.00 0.00 Agcr 0.97 
L 1.55 
BG 97.48 
74 ft 0.00 0.00 Agcr 0.39 
L 1.93 
BG 97.68 
x 0.00 0.00 Ager 0.77 
L 3.53 
BG 95.70 
Windrow 19 ft, Juos 21.21 0.00 L 58.33 
Check #1 Pied 29.55 BG 41.67 
Juos 16.42 6.90 L 41.79 
oe oe pe Pied 15.49 BG 58.21 
Juos 27.19 0.00 L 61.26 
74 ft. Pied 33.89 BG 38.74 
X Juos 21.61 2.30 L 53.79 
Pied 33.89 BG 46.20 
Windrow 19 ft. Juos 30.04 0.00 ‘i 29.84 
Check #2 Pied 8.30 BG 70.16 
S5ft Juos 1.19 0,00 L 6.75 
BG 95,25 
74 ft. Juos 6.84 0.00 L 14.89 
BG 85.11 
x Juos 12.69 0.00 L 17.16 
Pied 2.60 BG 82.84 
W indrow 19 ft. Pied 22.88 0.00 L 34.62 
Check #3 BG 65.38 
ce aa Juos 6.77 0.00 L 25 .53 
Pied 12.77 Annual 0.19 
BG 74.28 
Juate Juos 22.90 0.00 L 56.36 
BG 43.64 
xX Juos 9.89 0.00 L 38.84 
Pied 11 88 BG 61.10 
Annual .06 
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Table /3 continued 


Percent Cover 


Transe . 

Plot eet Tree Shrub npoonds) 
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J/ Line transects across runoff plots at indicated distances measured from top 
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of 


pavement 
litter 

rock 

bare ground 


Agcr 
Artr 


Agropyron cristatum 


(eae came 


Artemisia tridentata 


28 000 2d €ES iA "88,81 eout SE 
"* @&. ad aa. et. ee bai4 


St.88 ee a ee ay 
asia |: . ‘TELE baid 


Si.2e 4 08.8 at5A d@.Cf 2aub 
«$8 V He oa $@.$ bsid 


1.28 ao ee 0@.2! eout -33 Of = worbaiW 


ee AR aie 2out th €€ 
weer SEBS aa 00.0 22.81 boi 


w.0g con ae a 40.6 2dub 27 Af. 
O8.83° ae 99.0 08.8! bei 


(2.88 Pe 3am 00.0 df.01 eowt —" 
20.88 a8 BEST b9i4 


eet 
a 


got mort bowwesem esaneteib beisdibni $6 etolg toaur 220196 2s 298ne1d tl 
oer eae “af . = - F -tolq -_ big 


A= 19pA snemevag’ = a 
3 i = BANApA | sonst sy 
° — camer 3a > P ‘= Aa 
bruowe sted = aa’ 


Table /¢-. Tree, shrub and ground cover (percent) on runoff plots at the 
Fry Canyon (Blanding) site, September 1, 1969. 
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Table Cf Continued 


Percent Cover 


Plot Transect No. 1/ Trees Shrubs Ground 2/ 
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Table /d-. Continued 
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Table TL#. Continued 


Plot Transect No. 1/ Trees Shrubs Ground 2/ 
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Table /£-. Continued 
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Line transects across runoff plots at indicated distances measured from top 
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Table FS Tree, shrub, and ground cover (percent) on runoff plots at 


Milford study site, September 1, 1969. 


Percént Cover 2/ 
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Plot ‘ Number 1/ Trees Shrubs. Ground 
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Table AG Continued 


Percent Cover 2/ 


Transect 
Plot Number 1/ Trees Shrubs Ground 
Debris in 
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Table TSE Continued 
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Table Ta Cont inued 
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Table Si Continued 


Percent Cover 


Transect 
Plot Number Tree Shrub Ground 
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Table Hee Continued 


Percent Cover 


Transect 
Plot Number Tree Shrub Ground 
X BG 59.98 
L 1Z./6 
Ager 16.80 
Eriogonum spp. 8.80 
Sphaeralcea spp. 0.38 
Chvi 0.07 
Phho 0.34 
Lupine spp. 0.87 
Windrow #3 LUST 0.00 0.00 BG 90.76 
Ager BAYS. 
Penstemon spp. 1.66 
BEG Rey 0.00 0.00 BG 70.85 
L 10.62 
Ager 17.76 
P bt 
74 ft. 0.00 0.00 BG 68.89 
L 17 
Agcr Deis 
Penstemon spp. 8.02 
x BG 76.83 
L 9.33 
P 0.26 
Ager 10.35 
Penstemon spp. Bee 
Windrow #4 105 ft. 0.00 0.00 BG 37.19 
L Fo 8 
Ager 18odd 
Lupine spp. 15.80 
Unknowns 19 
Eriogonum spp. 3.66 
RES ae 0.00 0.00 BG 48.74 
L 19.93 
Agcr 24.95 
Lupine 6.38 
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Table ie Continued 


Percent Cover 


Transect 
Plot Number Tree Shrub Ground 
74nEt. 0.00 0.00 BG 73.66 
L 84 
Ager 9.92 
Lupine spp. 15.58 
X BG 53.20 
L 15.27 
Ager 17.66 
Lupine spp. 12.59 
Eriogonum spp. Leed 
Unknowns 0.06 
Windrow #5 Li Dey @ ai 0.00 0.00 BG 79.19 
L a OE 
Ager 9.83 
Eriogonum spp. Deas 
Sauer. 0.00 0.00 BG 89.66 
FE 2ca0 
Ager 8.04 
74 ft. 0.00 0.00 BG 82.48 
Ager Liese 
x, BG 83.77 
L 2.44 
Ager 11.80 
Eriogonum spp. 1.99 


1/ Line transects across runoff plots at indicated distances measured from 


top of plot. 
2/ BG = bare ground Agcr = Agropyron cristatum 
"P= pavement Phho = Phlox hoodii 

L = litter Sihi = Sitanion hystrix 

R = rock Chvi = Chrysothamnus 
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Table (J. Mean oven-dry yields (lbs./acre) for various treatments at 
each study site. Clipping data taken during September, 1969. 


Site Treatment 
Control Chain and Chain, debris 
Windrow in place 


--- ee ee ee lhs/acre, oven dry - ------- 


ii an 


Blanding 2.6 (forb) 379.2 (grass) 160.6 (grass) 
2.6 (sagebrush) 14.4 (forb) Boe CLOT) 
Seo 384.6 195.9 
Milford 4.0 (grass) 130.4 (grass) 41.5 (grass) 
ZA oe LOLO) Loe (tori) LLOS 2. (torp) 
47.1 (sagebrush) 2.9 (sagebrush) 85.4 (sagebrush) 


74.6 145.5 va A | 
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aul | 0, BBE Se . 


(22079) 2.ip - (seary) b.08S (zantn) GB  btobhe’ . 


(dtod) S$ OLE (riro}) €.81 | (tot) 2.28 
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Table ii 


Site 


Blanding 


Milford -- 


Milford -- 


Mean oven-dry yields (1bs./acre) for various treatments at 


each study site. 


Treatment 
Control Chain and 
Windrow 
4.8 (forb) 533.0 (qrass) 
10.6 (forb) 
543.6 
oo een n en enn -- eee eee Rabbit Grazed 
1.7 (grass 147.2 (arass) 
14.0 (forb) 30.2 (forb) 
41.1 (sagebrush) 0.4 (sagebrush) 
56.8 177.8 


omens eee ee Rabbits Excluded 


493.7 (grass) 
62.7 (forb) 

2% weet (sagebrush) 
558.7 


No rabbit-proff 
fencing in 
control area. 


en ne ne 


Clipping data taken during September, 1970. 


Chain, Debris 
in Place 


404.2 (grass) 


87.9 (forb) 


492.1 


78.2 (arass) 
334.4 (forb) 


126.5 (sagebrush) 
530.7 


539: 


165.6 (grass) 
498.1 (forb) 
125.6 (sagebrush) 
789.3 


Figure of . Upper part of 0.1] acre runoff plot and adjacent area showing 
influence of rabbit grazing outside rabbit-proof fencing. 
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Pinyon-Juniper Conversion Sites 


in Southern Utah V/ 
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Highlight 


Infiltration and sediment data from small-plot studies (325 
infiltrometer plots) utilizing high intensity simulated rainfall 
indicate that areas cleared of pinyon-juniper trees and seeded to 
grass in southern Utah generally show no consistent decrease or in- 
crease in sediment yields or infiltration rates at a given point. Of 
14 sites studied, four indicated decreased infiltration rates and 
two indicated increased infiltration rates during one or more time 
intervals at specific points on the treated areas; one site had 
Significantly higher sediment yields from points on the treated areas. 

These results nearly parallel those obtained during similar 


studies of 14 pinyon-juniper sites in central Utah. 
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Introduction 

Millions of acres of pinyon-juniper lands are located throughout 
the westerm United States. Within the past 20 years, numerous large- 
scale pinyon-jupjper conversion programs have been initiated. These 
programs have created a demand for increased knowledge concerning range 
and watershed values as influenced by vegetation manipulations in this 
type. 

The authors, in a recently completed infiltrometer study of 14 
chained pinyon-juniper sites in central Utah, have shown that conversion 
of pinyon-juniper to grassland (regardless of length of time since 
treatment) does not necessarily increase or decrease infiltration rates 
or always reduce sediment yields from a given point on treated areas 
(Williams, Gifford, and Coltharp, 1969). 

In another study, Gifford and Tew (1969) have found increased 
permeabilities of surface soils from a chained and windrowed site in 
southwestern Utah 6 months following treatment. Soils from another 
site in southeastern Utah (same study). showed a similar trend, although 
it was statistically Significant. Mechanical disturbance associated 
with double chaining with debris in place did not significantly increase 
surface soil permeabilities at either site. 

Little change in surface runoff and soil moisture patterns has 
been found following clearing of pinyon-juniper in Arizona (Skau, 1964; 
Brown, 1965; Collings and Myrick, 1966). 

The objective of this project was to Study infiltration rates and 
sediment production at given points on converted and nearby untreated 


pinyon-juniper sites in southern Utah. 
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Methods 

A Rocky Mountain infiltrometer (Dortignac, 1951) was utilized to 
Simulate high intensity (3 in./hr or greater) rainfall on plots approxi- 
mately 2.5-ft.% in area. Fourteen treated and nearby untreated pinyon- 
juniper sites near Blanding and Milford, Utah were sampled with 325 
infiltrometer plots during the summer of 1968. Tables 1 and 2 give a 
brief description of each site. 

All plots were pre-wet a minimum of 2 to 3 hours before infiltro- 
meter runs began. Runoff was measured at selected time intervals 
during each infjiltrometer run. Simulated rainfall was applied to each 
plot until a constant runoff rate was reached (generally 25 minutes were 
sufficient). 

Sediment was measured by collecting total runoff plus sediment from 
each plot, mixing thoroughly, and finally obtaining a l-quart sample. 
The water was then evaporated off, sediment oven-dried, and sample 
weights converted to tons per acre. 

Soils in the study sites were derived from colluvium, alluviun, 
residium, and eolian of mainly sedimentary and volcanic rocks (Milford 


area) and sandstones and shales (Blanding area). 
RESULTS AND DISCUSSION 


Pinyon-juniper sites near Blanding, Utah 

Table 3 shows mean infiltration rates (in./hr.) during specified 
time intervals and Figure 1 denotes relative differences in sediment 
production from treated and nearby untreated conditions on six pinyon- 


juniper sites studied near Blanding, Utah. As noted from Table 1, age 
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of treatment varied from 1 to 8 years, 

U.S.U. (Utah State University) study site. No significant differ- 
ences in infiltration rates are indicated between treated and untreated 
conditions during any time interval on the area which had been double 
chained with debris left in place (item 1, Table 3). However, on the 
area with debris windrowed, the untreated area showed significantly 
higher infiltration rates during the time interval 8 to 18 minutes 
following start of simulated rainfall. There were no significant 
differences between treated and untreated areas with regard to sediment 
production. 

Area 149, Brush Basin, Peters Point #1, and Peters Point #2. No 
Significant differences between treated and untreated conditions are 
indicated for either infiltration rates (Table 3) or sediment yields 
(Figure 1). 

Alkali Ridge. At the Alkali Ridge site, the following four ex- 
closures were located within the treated area: (1) everything excluded, 
(2) rabbits only, (3) deer only, and (4) deer and rabbits only. As 
noted in Table 3, infiltration rates were significantly greater after 
approximately 6 minutes of simulated rainfall in the deer-only ex- 
closure and on the treated area (outside exclosures) after 8 minutes. 
Similarly, in the exclosure excluding everything, a significantly higher 
infiltration rate was observed during the 8 to 23-minute interval. A 
significantly higher infiltration rate was indicated for the deer-and- 
rabbit-only exclosure during the time interval 18 to 23 minutes. No 
significant infiltration rate differences were noted between treated and 
untreated conditions as related to the rabbits-only exclosure, though 


the trend was the same as noted above. 
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As noted in Figure 1, sediment yields are significantly greater 
from untreated conditions than from the deer-and-rabbits-only enclosure 
and the everything-exc lmled exclosure. Differences were not significant 
between the other treated vs. untreated conditions though the untreated 


conditions, appeared to yield’more sediment in each case. 


Pinyon-juniper sites near Milford, Utah 

Table 4 shows mean infiltration rates during specified time intervals 
and Figure 2 denoted relative differences in sediment production from 
treated and untreated conditions on eight sites near Milford, Utah. As 
noted from Table 2, age of treatment varied from 1 to 8 years. 

Arrowhead Mine and Indian Peaks Pi peyo, and 4. As noted in Table 
4 the infiltration rate during the 3 to 4 minute time interval in Indian 
Peaks #1 site was Significantly greater on the untreated area. No 
Significant differences in infiltration rates between treated and 
untreated conditions were demonstrated for any other time intervals on 
Indian Peaks numbers 1,2,3 and 4, or Arrowhead Mine. Also, as noted in 
Figure 2, there were no significant differences in sediment production 
between treated and untreated conditions on any of the above areas. 

U.S.U. study site. No significant differences in infiltration 
rates are shown (Table 4) between the area which had been double chained 
with debris left in place and the untreated area. The area with windrowed 
debris had a significantly lower infiltration rate than the untreated 
area during the time interval 13 to 28 minutes following start of 
Simulated rainfall. The probably resulted because vegetative cover was 
lacking on the newly windrowed area. 


Significantly more sediment was moved from the windrowed area than 
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from untreated areas. Sediment yields from the chained with debris in 
place area were similar to those from untreated areas. 

Jockey's. The treated area showed significantly higher infiltra- 
tion rates for all time intervals during Simulated rainfall. In addition, 
and somewhat unexpectedly, significantly higher sediment was yielded from 
the treated area. 

Indian Creek Conservation Area. In contrast to the Jockey's area, 
the untreated area shows significantly higher infiltration rates during 
the 5 to 6-minute time interval and all time intervals after 8 minutes 
of simulated rainfall. No significant differences in sediment yields 


were apparent between treated and untreated conditions. 


CONCLUSIONS 

Infiltration and sediment data collected with a Rocky Mountain 
infiltrometer on 14 sites in southern Utah indicate that areas cleared 
of pinyon-juniper trees and seeded to grass show no consistent decrease 
or increase in sediment yields or infiltration rates at a given point. 
Of 14 sites studied, four (all with debris windrowed) indicated decreased 
infiltration rates during one or more time intervals at points on the 
treated portion. Two sites indicated increased infiltration rates 
during one or more time intervals at points on the treated area. Eight 
sites showed no significant differences in infiltration rates between 
points for the treated and untreated conditions. As for sediment yields, 
one site had significantly less yield from points on the treated area 
and two sites had significantly higher sediment yields from points on 
the treated areas. 


These findings are similar to the results recently reported from 
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a study of 14 sites in central Utah (Williams, Gifford, and Coltharp, 
1969). After study of 28 treated pinyon-juniper sites (of various age 
since treatment) throughout Utah (involving approximately 550 infiltro- 
meter plots), it may be concluded that generally infiltration and 
erosion rates at a given point have not been particularly affected as 

a result of treatment practices. If there are treatment effects, they 
may be either positive or negative. 

It is well known that many biotic, edaphic, and climatic variables 
interact to determine infiltration and erosion rates at a point on given 
landscapes. All of the above infiltrometer data are being further ana- 
lyzed to determine those factors important in determining or predicting 
point infiltration rates and sediment yields on pinyon-juniper sites. 
Such analyses should aid in future predictions of the effect at a given 
point that certain vegetation conversion practices have on watershed 


parameters. 
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Factors Influencina Infiltration and Erosion 


on Chained Pinyon-Juniner Sites in Utah 


Gerald “illiams, Gerald F. Gifford, Georae B. Coltharn VY 


Definine those factors which influence infiltration rates is requisite 
to understanding hydrologic behavior of the 61.4 million acres (Nortignac, 1°69) 
of pinvon-juniner in western ''nited States. “'any factors have been 
recocnized as influencina infiltration, but studies of semi-arid wildland 
Situations have been limited. 

Nilliams, Gifford, and Coltharp (196°) and Gifford, \‘illiams, and 
Coltharp (1970) have reported infiltration rate differences at random 
points between 28 chained and nearby unchained pinyon-juniner sites in 
central and southern Utah. Sediment yields were also measured. Results 
of the studies indicate that conversion of pinyon-juniper cover to 
orassland has not necessarily increased infiltration rates or always 
reduced sediment yields at a civen noint on such lands. Similar findings 
have resulted from small watershed studies in Arizona (Brown, 1970). 

This study renorts the influence of several vecetal and edanhic 
factors on infiltration and sediment production rates of pinyon-juniper 


(Pinus mononphylla-Juniperus os teosperma ) sites in Utah. 
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VY ‘eather Bureau River Forecast Center, Salt Lake City, !'tah, 84116, 
and “latershed Science Unit, Utah State University, Logan, Utah, 84321 
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Abstract. Pelationships between vecetal and edaphic factors and infiltration 
rates and erosion as measured on 550 infiltrometer nlots from ninyon and 
juniper sites in Utah were analyzed by multiple rearession analysis. 

Those factors apnearina most frequently in the equations for predictina 
infiltration rates (reaardless of tire interval) included total porosity 

in the 9-3 inch layer of soil, percent bare soil surface, soil texture 

in the 0-3 inch layer of soil, and crown cover. The ability to predict 
infiltration rates (as determined by pe ) varied with time and geographic 


location. ‘iot only did ne 


vary, but independent variables explainina such 
variance also changed with time and location. Factors influencina sediment 
discharge were so variable from one geoqgranhic location to another that 


no consistent relation was found. 


notiert! at bas zvoto03 diane bas fstenoy noswi antienottstet 
bas noynin mort atota setonort fink ore no boww269n 2«.nofivine tne 
atevisns roteeetne fargo va besyfens ovow dsdt! at eatte onte - 
entjathara Ts) 2nottsnins or at vitmounor? s20n ontyesans 2notae? seutt- ae 
ys teor09 Tedot hebufant (f svisini ontt 0 2zeatbisner) ests notterd! ttat 


a _ 


oqusxet Ftoz ,osstw2 Ftoe ost tnodien ,ftoe to rovel sont f-0 ott at 
Sather of yttttds Sat .19¥09 mor bas .ftoz Fo toys! dont €-0 odd-nt. 
attasimoan bas nts Atty botyey ( 34 vit boittendteh es) 2ote1 notisatlitat. ag 
loue pine tons 2s f Istrnv saobnecabnt tud .vev Sy bib yfno toi .nobkteool 
Jnamt hee ogtoneut ni e108 983 .notseco! bns outt Attw beonsdo o2fs sansitey 
tert Yordtons ot notesso! atenginey S10 nontt afdsiyev 02° 979" sprEioz ib 


.bayot 207 hottsiay tnasetenos of 


Methods 

A Rocky “ountain infiltrometer (Nortianac, 1951) vas utilized to 
Simulate high intensity (three in/hr or qreater) rainfall on nlots 
approximately 2.5 ft? in size. Twenty-eiaht treated and 28 nearby untreated 
pinyon-juniner sites were sampled with a total of 559 infiltrometer plots 
near Price, Eureka, “ilford and 8landina, Utah, durina the summers of 1967 
and 1968. Descriptions of the sites have been aiven previously ("illiams, 
Gifford, and Coltharp, 1969: Gifford, "illiams and Coltharn, 1970). 

A11 plots were pre-wet a minimum of 2-3 hours before infiltrometer 
runs beaan. Runoff was measured at selected time intervals durina each 
infiltrometer run. Simulated rainfall ‘vas applied to each plot until a 
constant runoff rate was reached. 

Sediment was measured by collectina total runoff nlus sediment from 
each plot, mixing thorouchly, and finally obtaining a l-oquart sample. 

The water was then evanorated off, sediment oven-dried, and sample weiahts 
converted to tons per acre. 

Soil surface characteristics of each nlot included nercent bare 
surface soil, nercent litter, percent rock (soil narticles ocreater than 
two millimeters in diameter), and percent basal area of plants. These 
soil surface characteristics were measured with a point cuadrat frame 
which covered an entire infiltrometer plot. The quadrat frame contained 
199 points; therefore, each strike equalled 1 percent coveraqe. 

Venaetal crown cover determinations were made in two ways. The first 
method utilized the noint quadrat frame, and crown cover measurements 


were taken concurrently with soil surface characteristic measurements. 
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The second method consisted of clipping each plot. The total veaetal 
cover was bagged, then taken to the lab and oven dried for 24 hours. This 
oven dry weiaht (tons/acre) was used as an index of vecetal crown cover. 

Percent rock 7 2mmd and soil texture were determined from disturbed 
soil samples collected from the ton 3 inches of soil immediately adjacent 
to each plot or from the plot itself. Soil texture was determined by the 
hydrometer method (Pouyoucos, 1962). 

Bulk density was determined from undisturbed samples taken from each 
plot with a Uhland soil sampler. Samples were returned to the laboratory 
and oven dried at 105 dearees centicrade for 24 hours. 

The percentage of water stable sand-sized (0.02-2 millimeter diameter) 
soil agereaates in sieved soil samnles was determined hy using a modified 
Bouyoucos hydrometer method in which the Calgon was omitted. 

Organic matter was determined by the loss on ignition method. 

Soil porosity was measured on undisturbed soil samples prior to 
bulk density determinations. Porosity vas determined at two moisture 
levels, one at oven dry conditions and the other at 30 cm tension. 
Measurenents were made using a technique similar to that ewloyed by 
Hoover, Olson, and “letz (1954). 

Percent moisture of the surface soil of each nlot was determined 
five minutes after an infiltrometer run was completed. The soil moistur? 
by weight was determined by weighing the samnle in wet condition, oven 


drying at 195 degrees C for 24 hours, then weishing again. 


Analysis of Variables 


An area-wise multiple rearession analysis was utilized in analyzing 


infiltration-erosion relationships within and among the four major 
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seoaraphic locations. Other independent variables besides those described 
under !’ethods included site, treatment (untreated vs. treated) and total 
silt plus clay in the surface three inches of soil. The total number of 
independent variables was then increased to 40 (Table 1) by includira 
squared and cubed values of those independent variables where preliminary 
oraphing procedures indicated non linear relationshins. 

The five denendent variables vere chosen to represent certain 
important asnects of natural hich intensity convectional thunderstorms. 
Dependent variables included infiltration rate durina the 3-4 minute time 
interval (this variable gives an indication of infiltration rates at the 
onset of a high intensity convectional storm), infiltration rate durina 
the 8-13 minute time interval (this variahle sives the infiltration rate 
perhaps midway through a typical convectional storm), infiltration rate 
durine the 33-38 minute time interval (this time interval represents the 
final or constant infiltration rate), erosion in tons per acre per inch 
of runoff, and total water retained on a plot for 49 minutes (this variable 
gives the integrated retention capability of the soil). 

Stepwise multiple rearession equations were developed for each of 
the four chosen geocraphical areas in Utah: (1) East central part 
(Price area), (2) west central part (Eureka area), (3) southvest rortion 
(Milford area), and (4) southeast portion (8landing area). Fiaqure 1 is 
a map showino location of infiltrometer studies. In addition, commosite 
multiple regression equations were derived from all infiltrometer plots 


taken throughout the state. 
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Table 1. Variables related to infiltration and erosion that were measured 
on each infiltrometer plot 


Dependent Variables 


Y,; Infiltration rate (3-4 minute time interval) 

Yo Infiltration rate (8-13 minute time interval) 

Y3 Final infiltration rate 

Yq Erosion (tons per acre per inch of runoff) 

Ye Total water retained on infiltrometer plots after 40 minutes 


Independent Variables 


X} Site (assigned a value from 1 to 28) 

Xo Treatment (untreated vs chained, and assigned a value of 1 and 2 
respectively) 

Xz Oraanic matter (% in top 3 inches of soil) 

Xq Organic matter (%) squared 

Xe Organic matter (%) cubed 

Xe Bare soil (%) 

Xz Bare soil (%) squared 

Xg Crown cover (%) measured 

Xg Crown cover (%) squared 

Xig Rock cover (%) > 2 mm 

X17 Rock cover (%) squared 

Xo Litter cover (%) 

X13 Litter cover (%) squared 

X14 Plant bases (% area coverage) 

X15 Plant bases (%) squared 

X16 Soil moisture (% at 30 cm tension) 

X17. Soil moisture (% at 30 cm tension) squared 

X1g Soil moisture (% at 30 cm tension) cubed 

X1g Total porosity (%) 

Xoq Total porosity (%) squared 

X91 Total porosity (%) cubed 

Xoo Bulk density (gms/cc) 

X53 Bulk density (ams/cc) squared 

Xoq Porosity at 30 cm tension 

Xo5 Porosity at 30 cm tension squared 

Xog Crown cover (dry wt., tons/acre) 

X97 Crown cover (dry wt., tons/acre) squared 

Xog Crown cover (dry wt., tons/acre) cubed 

X9q Soil moisture (% in top 3 inches of soil 5 minutes after completion of 
infiltrometer run) 

X3q Soil moisture (%) squared 

X31 Soil (%).< 2mm in 0-3 inch layer of soil 
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Soil (%) squared 
Soil (%) cubed 
Soil sized aggregates (%) < 2mm in 0-3 inch layer of soil 
Soil sized aggregates (%) squared 

Rock (%4)77 2 mm in 0-3 inch layer of soil 

Rock (%) squared 
Total silt plus clay (% 
Total silt plus clay ( 
Total silt plus clay ( 


) in 0-3 inch layer of soil 
%) squared 
%) cubed 
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Results and Discussion 


Infiltration Rate During 3-4 Minute Time Interval. The multiple 
regression models presented below (Tables 2-6) include variables which 
each explained 1} percent or more of the variance associated with the 
given dependent variable in the original model which utilized 40 
independent variables. 

Price Area. At the Price area, 51 percent of the variability associated 
with infiltration rates during the 3-4 minute time interval was accounted 
for by utilizing 40 independent variables (Table 2). Of the 40 variables, 
only 12 explained 1 percent or more each of the variability. Six variables 
each accounted for two percent or more of the variability. Consideration 
of only the 12 variables explainina 1 percent or more of the variability 
associated with 3-4 minute infiltration rates yields an R2 of .38. 

The initial infiltration rates of a soil are frequently rather 
variable. This is understandable when factors influencing initial wetting, 
incipient ponding, and start of overland flow are considered. Timing of 
these events is not uniform from plot to plot and could be a contributing 
factor to variability associated with infiltration rates during the 3-4 
minute time interval. 

Eureka Area. The 40 variable multiple regression model accounted for 62 
percent of the variability associated with infiltration rates during the 
3-4 minute time interval within the Eureka area. Of the 40 independent 
variables, 15 explained 1 percent or more each of the variability while 


nine explained 2 percent or more each. 
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Uniformity of soil conditions in the Eureka area may account for 
the higher coefficient of determination. The authors noticed that sites 
within this geographic location contained fev rocks over 2 mm in diameter 
in the top 3 inches of soil. This could be expressed in less erratic 
responses in magnitude of dependent variables to changes in magnitude of 
independent variables. 
Blanding Area. Forty variables explained only 32 percent of variation 
associated with infiltration rates during the 3-4 minute time interval 
at the Blanding area. Eleven variables each accounted for 1 percent or 
more of the variation while only five accounted for 2 percent or more each. 
Milford Area. Similar to the Blanding area, a rather low percentage of the 
variance in early infiltration rates was accounted for (R2=. 41), Fach 
of eight variables accounted for one percent or more of the variability 
while six accounted for 2 percent or more variability each. 
Composite of all Areas. A model covering all four ceographic locations 
accounted for 43 percent of the variability associated with infiltration 
rates durina the 3-4 minute time interval. Fiaht variables accounted 
for 1 percent or more each of variability while only three explained 2 or 
more percent each. 
Summary. The preceding five equations utilizing 40 dependent variables 
explained from 32 percent to 62 nercent of the variance associated with 
infiltration rates during the 3-4 minute time increment. Of the 40 
dependent variables, only treatment and sand sized water stable aagregates 
(between .02 and 2 millimeters in diameter) in the top three inches of 
soil (either singularly, squared, or cubed), failed to explain 1 percent 


or more of the variance in any of the multiple rearession equations. 
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Figure 1. flap of Utah showing the four geographic locations which were 
studied (Price, Eureka, Blanding, and Milford, Utah). 
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It is possible that effects of sand sized aagqreqates are not apparent 
during the initial stages of an infiltration run. These effects become 
important when they are considered Simultaneously with the rearrangement 
of soil particles into blocking laraer pores. This phenomenon could 
become more important following a longer period of simulated rainfall. 

The followina four variables explained more than one percent of 
the variance in at least three out of five of the prediction equations: 

(1) total porosity (0-3 inches soil depth), (2) percent bare soil, 
(3) silt plus clay percent (0-3 inches depth), and (4) percent soil < 2mmd, 
cubed (0-3 inches depth). 


Infiltration Rate During the 8-13 Minute Time Interval 
Price Area. The 40 variable model explained 62 percent of the variability 
associated with infiltration rates during the 8-13 minute time interval. 
Fourteen variables each explained J] percent or more of the resultant 
variation, while each of seven accounted for 2 percent or more of the 
variation (Table 3). 
Eureka Area. Sixty-five percent of the variance was explained by the 
40 variables in the Eureka area. One percent or more of the variability 
was explained by each of 12 variables with seven exnlaining 2 percent or 
more each. 


Blanding Area. The 40 variable model for Blandina yielded an R2 = .59 


with 14 variables each explaining one percent or more of the variance and 
five explaining 2 percent or more each. 
Milford Area. The 40 variable multiple regression model explained 66 


percent of the variance associated with infiltration rate during the 
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8-13 minute time interval. Thirteen independent variables each accounted 
for at least 1 percent of the variability while seven accounted for at 
least 2 percent each. 

Composite of Four Areas. A surprising low nercentage of variability 
associated with infiltration rates during the 8-13 minute time interval 
was explained using 40 variables. Forty-six nercent was explained with 
Six variables explaining 2 percent or more each of the variance while 
only seven accounted for 1 percent or more each of the variance. 

summary. The preceding five multiple rearession model equations explained 
from 46 to 66 percent of variation associated with the 8-13 minute 
infiltration rate. 

Percent bare soil surface squared accounted for 1 percent or more 
of the variation in four of the five equations for this particular time 
interval. Crown cover (percent), percent rock (0-3 inches), total 
porosity, and soil moisture percent (5 minutes followine infiltrometer 
run) each explained 1 percent or more of variability in three out of five 
multiple regression model equations. 

The importance of these variables to infiltration rates is 
understandable. Effects of crown cover and/or bare soil may become of 
increasing importance as the time from the beginning of an infiltrometer 
run is increased. Percent rock in the surface 3 inches of soil and total 
porosity manifest an influence on soil moisture primarily through their 
effects on permeability and hydraulic conductivity in the subsoil. 
Conceivably these factors would show an importance once the soil surface 


is wetted and moisture begins percolating through subsurface soils. 
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Soil moisture percent of the soil 5 minutes after the end of an 
infiltration run reflacts an interrelation of soil shvsical conditions. 
Soil acarecation, organic matter contert, micro nores, etc. influence 
the maqnitude of this factor. These factors all have an influence on 
infiltration rates of the soil throuchout an infiltration run as vell 


as during the 8-13 minute time interval. 


Infiltration Pate Purina the 33-33 Vinute Tine Interval 
Price Area. The final infiltration rate was considered reached after 
33 minutes of the infiltration run. ''tilizine this tire interval, 68 
nercent of the variahility in infiltration rates vas explained with 406 
indenendent variahiles at the Price area (Table 4). Fach of 12 variables 
accounted for 1 nercent or more of the variability while nine exnlained 
2 nercent or more each. 
Fureka frea, Oniv 47 rercent of the variability associated sith the 
infiltration rate durina the 33-38 minute tire interval is exnlained 
usina 49 variables for the Eureka area. Of this 47 nercent, each of 
eicht variables exnlain 2 nercent or more variation each. 
Rlandina “rea. Similar to the Eureka area, a rather small nercentace of 
the variability is explained in the model develoned. Only 45 percent is 
explained utilizing 40 variables. Ff these 40 variahles, nine account 
for 1 "ercent or more each of variability while only four account for 
2 nercent or more each. 
Milford Area. Seventy nercent of variability associated with the 33-38 
minute time interval was exnlained in the recression model at the ‘ilford 
area. ‘line denendent variables accounted for at least ? nercent each of 


the variability and 11 explained 1 nercent or more each. 
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Composite of al] Areas. Only AB nercent of the variability was exnlained 


in the 40 variable model utilizina 559 nlots from all areas combined. 
Ten variables accounted for 1 nercent or rore each of the variability 
while each of four exnlained 7? nearcent or rore. 
summary. The nrecedina multinle rearession models, develoned for nradictina 
infiltration rates for the 33-38 minute time interval of an infiltration 
run, explained from 45 to 79 percent of the variability associated with 
infiltration rates measured durina this time interval. Ff the 49 
incenendent variables used to develon these rodels only tvo explained 1 
percent or more of the variability in three or more riodel questions. 
Crown cover (tors ner acre) explained 1 percent or more of the variability 
in three out of five model equations and crown cover (tons per acre) 
squared explained 1 nercent or more variability in four of the five 
equations. fAcain, this relationshin can he attributed te the nrotection 
against raindron imnact afforded by crovn cover. ‘s one rrocresses 
further into an infiltration run. the duration of annlied rainfall increases, 
thus sivina a creater opnortiunity for destruction of soil surface features 
which normally promote infiltration. Surface runoff and infiltration 
tosather transnort smaller narticles into lareer pores, thereby creatira 
conditions canahle of imnadina infiltration rates. 

The only variable (either sinaularly or sauared) which cid not 
axniain | -ercent or more of the variability in anv of the five rearession 


equations *as percent basal area. 
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Erosion-Tons per “cre per Inch of Runoff. This narameter was measured 
for each of the four areas and a comnosite of the four areas. 
Price Area. For the Price area only 33 nercent of tho variability 
associated with erosion in tons ner acre ner inch of runoff was ripigee 
usina a 40 variable multinle rearession analvsis (Table 5). Each of 
twelve variables accounted for 1 nercent or more of the variability and 
four exnlained at least 2 percent each. 
Eureka Area. A substantially hicher nercentace of variability was 
explained in the 40 variable model in the Fureka area for erosion in tons 
ner acre ner inch of runoff. Sixty-three percent of the variability 
was explained with each of eiaht variables exnlainina 1 percent or more 
of the variance and seven accountire for 2 nercent or more each. 
Blanding Area. Forty-nine percent of the variability associated with 
this dependent variable was exnlained in the 49 variable reoression model. 
Of the 4N variables, 1 nercent or more of the variation was exnlained bv 
each of 13 variables and 2? nercent or more was exniained bv each of 19 
variables. 
"ilford ‘rea. Acain very little of the variability associated with erosion 
rates in tons per acre per inch of runoff was exnlained in the multiple 
recression model. Thirty-four vercent of the variability was explained 
usina 49 variables, with seven independent variables accountina for 1 
percent or more each of this variability and only two variables exnlainina 
2 mnercent or more each. 
Comnosite of all Areas. nlv 2° nercent of variability associated with 
erosion was explained with a 40 variable model. fA model of this nature 


could not be successfully utilized for predictina erosion. Only five 
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variables accounted for more than 1 nercent each of the variability, 

and only three variahles accounted for 2 nercent or more each. 

Summary. Utilizine five multiple reoressicn equations, ?9 to 63 vercent of 
variability associated with erosion in tons ner acre ner inch of runoff 

was explained. fF the five equations. only the one develoned for the 
Eureka area exnlained more than 49 percent of the variation associated 

with erosion. Equations developed for Price, “ilford, and a composite 

of all areas explained 34 nercent or less of the measured variability. 

Such results indicate the extreme comnlexities in factors affectina 
erosion. Interactions amona factors or lack of measurement of contributina 
factors could be a cause for such low exnlained percentaces. 

Bulk density and site were the only tivo variables that anneared ir 
three or more multinle recression equations. The fact that site exerts 
an influence indicates that certain unmeasured site conditions are 
contributina to unexplained variability. 

It is unusual that no variables pertainina to crown cover (either 
percent coveraae or tons ner acre) or acareaate stability explained 1 
percent or more of the variability in anv of the equations. It is 
possible that aacrenates areater than ? mm diameter are of more importance 
than anagreaates less than 2 mm diameter for vredictina erosion losses. 
There is also the nossibility that stabilitv of soil anarenates is a 
function of season of samplinc, as shown tv Bisal and Ferauson (1968). 

Euaations developed for predictina erosion cenerally indicate 
that most of the 40 factors should be supplemented with other site factors 


hefore a successful prediction model can he develoned. 


Total Mater (Inches) Petained on Each Infiltrometer Plot After 40 ‘‘inutes. 
Price Area. Sixty-five percent of the variability associated ith total 
water retained on each plot was explained utilizina 49 variables at the 
Price area (Table 6). Fourteen variables axnlained at least 1 nercent 
of this variahilitv “ith seven variables exnlainina 2? nercent or more. 
Eureka Area. The multiple rearession model exnlained 60 nercent of the 
variability associated with this particular hvcrolocic parameter. 

Thirteen variables explained at least 1 nercent each of the variability 
hile six accounted for at least 2 percert each. 

Blanding Area. Only 47 percent of the variability in total water retained 
on each infiltrometer plot after 40 minutes was accounted for by 49 
variables in the Blanding area. fF this variability 1 percent or more 

was accounted for by each of 11 variables. and ? nercent or more was 
explained by each of four variables. 

Milford Area. Sixty-nine percent of the variability in total water 
retained was accounted for utilizing the 49 variable equation at the 
ilford area. Thirteen variables each accounted for 1 percent or more 

of the variability while nine exnlained 2 percent or more. 
Comnosite of all Areas. Fifty percent of the variability associated with 
total water retained on each plot was exnlained in the 40 variable model. 
Tyo nercent or more of this variability was exnlained by each of five 
variables and 1 nercent or more was exnlained bv each of 19 variables. 
Summary. The nreceding five multiple rearession equations explained from 
47 to 69 nercent of the variability associated ith total water retained on 


a plot during a 40 minute infiltrometer run. %f the 40 variables used, 


a plot durina a 49 minute infiltrometer run. fF the 49 variables used, 
only two did not exnlain (either singularly, ¢cuared, or cubed) 1 nercent 
or more of the variahility in at least one of the model eauations. The 

two are bulk density and percent basal area coverage. Cron coveracde in 
tons per acre accounted for 1 percent or more of the variability in al] 
five equations and this same variable squared anneared in four out of 

five equations. ‘‘icro-norosity (nores retaining water at 30 cm tension) 
and macro-porosity (porosity at 30 cm tension) explained at least 1 nercent 
of the variability in three out of five equations. 

The relative importance of these variables is understandable. The 
importance of crown cover has previously been discussed. The fact that 
crown cover in tons per acre appears in all five of the multinle rearession 
equations for total water retained on each nlot substantiates evidence 
indicating its increasing importance as one nrooresses further into an 
infiltration run. Percent soil moisture 5 minutes followina an infiltrometer 
run also appeared in four out of five prediction equations. The retention 
of soil moisture after 5 minutes of drainage is related to infiltration 
phenomena as it is influenced by hydraulic conductivity of the soi] 
sample. Micro and total porosity influence the amount of water retained 


on each plot through their effect on subsurface water movement. 


Conclusions 
Studies of factors influencina infiltration and erosion on 28 
chained pinyon-juniper sites throughout central and southern Utah have 
shown that geographic location, time of the event, and the parameter of 
interest (infiltration rate, erosion, or total water retained on plot) 


are important considerations in such determinations. 
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Table 7 shows percent variance in infiltration rates, total water 
retained, and sediment production explained by 40 variable multiple 
regression equations during different time periods within an infiltrometer 
run. 'ithin a aiven time period the explained variance in infiltration 
rates may vary considerably with aeoaranhic location (3-4 minute and 33-38 
minute time intervals). At other times (8-13 minute time interval) the 
response amona locations may be rather uniform. 

Explained variance associated with infiltration rates at a given 
location is not uniform amonaq varyine time intervals. 

Lumping all ceographic locations together oenerally tends to minimize 
effectiveness of the predictive equations, regardless of the dependent variable. 

Not only does the ability to explain variance associated with 
infiltration change with time and geographic location, but the parameters 
explaining such variance also chanae with time and location. This is 
shown in that 8 to 12 variables, 7 to 14 variables, and 9 to 12 variables 
explained more than one percent variance in infiltration rates during the 
3-4 minute, 8-13 minute and 33-38 minute time intervals, respectively. 

Such variation was also shown in predictina total sediment discharge 

and to a lesser extent in predicting total water retained on the plots. 

Those variables anpearing in most of the equations for predicting infiltration 
rates during a agiven time period were similar for the 3-4 minute and 8-13 
minute time intervals, but changed completely for the 33-38 minute 
infiltration rate. Important variables influencina total water retained 

on the plots were similar to factors influencing infiltration rates during 


the 33-38 minute time interval. Those factors appearina most frequently 


in the equations for predicting infiltration rates (regardless of time 
interval) include total porosity in the 0-3 inch layer of soil, percent 
bare soil surface, soil texture in the 0-3 inch layer of soil, and crown 
cover. Percent bare soil may be particularly important on many of our 
semi arid ranceland watersheds, esnecially as related to annual runoff 
values (Lusby, 1970; Branson and “wen, 1970). 

Factors influencing sediment discharae in this study were so variable 
from one geographic location to another that no consistent relation was 
found. This findina was similar to studies in the big sagebrush 
(Artemisia tridentata) type in Nevada (Gifford and Skau, 1967). Much 
additional work is needed in this field of study. 

Based on the above, it is imnortant that ranae and forest hydrolocists 
workina in the pinyon-juniner and other veaetation tynes recognize the 
complexity which exists in relation to hydrologic phenomenon. Though 
limitations exist on small plot estimates of infiltration (Hickok and 
Osborn, 1969), this study indicates that quidelines prepared for hydrologic 
analysis on pinyon-juniper sites similar to those sampled in this study 
should take into consideration the geographic area, the parameter of 


interest, and where applicable, the timing of an event. 
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Highlight 


Fluorescent dye patterns depicting water movement over and through 
pinyon-juniper litter accumulations varied somewhat according to canopy 
density of the trees. Where the canopy was closed, or nearly so, the 
dye was confined to the surface 1 inch of litter, with no lateral 
movement indicated. Where the tree canopy was broken or open, dye was 
found to a maximum depth of 6 inches beneath the litter and lateral 
downhill movement of at least 25 inches was indicated on the litter 
surface. Where dye had penetrated the litter, both a streaked and a 


uniform (even wetting front) pattern of water movement were observed. 
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Introduction 

Patterns of water movement in natural plant communities have been 
of interest for many years. Such patterns may exist due to unique 
Spatial and temporal characteristics of rainfall, because of character- 
istics of the flora which influence interception, transpiration, etc., 
and/or because of soil characteristics peculiar to a given site. 

Importance of liter as a hydrologic factor in the pinyon-juniper 
(P-J) type has been noted by Scholl (1969). He found that resistance 
to wetting in the surface soils of a P-J watershed near Flagstaff, 
Arizona, increased from completely wettable in open areas to highly 
nonwettable in the litter under the juniper canopy. Similar findings 
have occurred in other vegetation types. Apparently organic unknowns 
which accumulate from litter decomposition or fungal activity cause the 
wettability problems. 

The purpose of this study was to study patterns of water movement 
over and through pinyon-juniper leaf litter. 
Methods 

Water movement was traced on a pjnyon-juniper (Pinus monophylla, 
P. edulis--Juniperus osteosperma)site in Southeastern Utah (45 miles 
west of Blanding, Utah) through use of two water soluble fluorescent dyes, 
Pyranine 1/ ana Kiton Yellow 2/, Pyranine will fluoresce in damp 
soil and Kiton Yellow fluoresces in the dry state. 

During mid-June of 1969, 27 bands of dye powder (1 part Kiton Yellow 
to 1 part Pyranine) about 3 inches wide were put on the litter covered 


interspaced between suitable pinyon-juniper trees (Figure 1). The dyes 
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Figure 1. Litter accumulation beneath two adjacent juniper trees. A 
band of dye powder would run from the base of one tree to the 


base of the other. 
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were applied from a salt shaker at a rate of about 200 g/m2, as recommended 
by Reynolds (1966). The dye transects varied from 48 to 170 inches in 
length and each ran from the base of one tree to the base of a nearby 
adjacent one. Maximum depth of litter was approximately 2.5 inches, 

with an average of about 1.5 inches. 

In early September trenches were excavated along 20 randomly 
selected bands to cae vertical dye penetration patterns. The remaining 
7 bands were used to study water movement patterns over the litter surface. 
All measurements were made at night using a battery powered UVL-21 
ultra-violet lamp. 

Results 

Penetration of dye into the litter was variable and type of pattern 
appeared related to tree canopy density. Where canopies were closed, 
or nearly so, the dye was confined to the surface 1 inch of litter with 
no lateral movement indicated. Since total rainfall during the study 
period meagured only 3.80 inches, throughfall and foliage drip was 
probably minimal under the closed canopies. 

Where canopies were somewhat broken, dye patterns indicated rather 
nonhomogeneous vertical water movement, as shown in Figure 2. Similar 
irregular drainage patterns in woodland environments have been shown 
by Voigt (1960), Rutter (1964) and Reynolds (1966). Little or no dye 
movement was indicated next to either pinyon or juniper tree trunks, 
indicating that perhaps stemflow is rather insignificant in this type. 
Maximum depth of dye penetration beneath the litter surface along any 


excavated transect was 6 inches. 
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Examples of some vertical dye penetration patterns through 
P-J litter. Arrows indicate that portion of dye band over 
which the canopy was open. 


Figure 2. 
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“+ Some lateral flow over the litter surface also occurred where 
canopies were broken or open. Maximum indicated distance of overland 
flow was 25 inches, with vertical penetration into the litter of 1 
inch or less. There were no indications of lateral flow within the 
litter cover. The overland flow may result when litter accumulations 
become dry and unwettable. 
Conclusions 

The influence of litter on hydrologic behavior of natural plant 
communities is not well defined. This study has shown that patterns 
of water movement upon and through pinyon-juniper litter are variable 
and are somewhat related to tree canopy density. Where the canopy is 
open, water may move uniformly through the litter or along pathways 
which result in a streaked dye pattern. Where water cannot penetrate the 


litter, then overland flow may occur for at least short distances. 


ae op ieee 
aia 8 


busitevo to eonstelb besnoibnk auméxatt neyo xo nro%h ord ste 


be 


stedw herrueD6 o@fs boetiue novsit ols pe 


{ to 19d9il offs Ota noiterionsy {soitdzov dtiv aortonk 28 ass 4 
eat nidtiw wolt ‘Latetel to enoissoibai on orow sveeT -2eept to .dos 
fer 
‘enoits tusivoyn. 193i! nedw tivest ysm wolt baslteve oT sm 


.ofds3townu ‘bis ‘Gb a 
jkéiq Lerten to totveded oigolorbyd mo tettil to someultat odT 
antotisq tet swode eect ybute ei .Komtteb Liew gon ak eobtinie 

efdsitsy ots x9ttil sociqwt-noyatq dguords bas .eoqu tmomevon rosew 2 te 
2i yqonen ond oto .ytiensh yqomea estt of besser dedwomog ots F 


ayswii dnd Snoin to tet7il odd dguotdt uimtod tru Sovom Yel Tetsw Mm ve 
i, Ae. 


ait ots teneq jonas tovaw ored = .ertesteq oyb boisexse & me tiueot f 


hall 


Laeonaseib “Prode tesel 3s rot mw220 vem wolt baaiteve meds pene . 


Literature Cited 


Reynolds, E.R.C. 1966. The percolation of rainwater through soil 
demonstrated by fluorescent dyes. J. Soil Sci. 17:127-132. 
Rutter, A.J. 1964. Studies in the water relations of Pinus sylvestris 

in plantation conditions. II. The annual cycle of soil mogsture 

change and derived estimates of evaporation. J. Appl. Ecol. 1:29-44. 
Scholl, D.G. 1969. Soil wettability in Utah juniper stands. Paper 

presented at A.A.A.S. meeting, Pullman, Washington, August 18-22. 
Voigt, G.K. 1960. Distribution of rainfall under forest stands. 


Forest Sci. 9: 2-10. 


M datie ; pee adslur, 


itemieeiiusaamaaas tefooteg ofl .8a0! fat i <2 
SEL-TSUNL .i98 fo? .L .20yb indeaiiia: srten = 4 
usieertg mail % stmt eter tt al 208 
oTuseiom {ioe Yo efoyo faunas oft «IT .emoidibaes 
MaRS L «food .Lqgh .L .qotsstoqeve to exasmiszas tection 
T9649 -ebaste xoqiaut det) ni (tilidsstew Lio® .eeer sae 
SS-8E eupuh .worgnidesl .meiilut .yaksoom .2.AA.A te betmoeomq 
.abaste see10% ebay iisiniss to noksudinsetd O0er LD agi 
OL-8 :@.408 seoro ome! 
ie vont ee ay Py 
; Sa, 


a, eee 
Sat, Eee 


= phe: 


ae = ee 


ee 
Wren ogee 


ee be 2 ae 
ia ute att ett 
Alay got 


tea fi 


~ 


me 
~ 
a 
me, 
. 
ee 


